Thirty steer (10 US Good, 20 US Standard) and 10 bullock carcasses (one US Good, nine US Standard) were selected from two commercial meat packing firms and aged for 10 t o 14 days in a 2 C cooler. Each carcass was assigned scores for the various USDA quality and yield grade factors during a 48-to 120-hr postmortem selection period. Steaks containing the longissimus muscle were obtained from the anterior end of the short loin and cooked to 70 C. They were then measured for tenderfrozen raw muscle accounted for over 53% of the observed variation in cooked meat shear force values; this degree of precision can be achieved in approximately 15 min of laboratory time. These data indicate that FI of raw muscle can be used for stratification of low grading bullock and steer carcasses according to tenderness level of cooked loin steaks.
Introduction
ness with the Warner-Bratzler shear and evaluRecently, much effort has been extended to ated by a trained eight-member sensory panel. clarify the relationship between raw muscle Fragmentation index (FI) was determined on fragmentation and cooked meat tenderness fresh and frozen raw longissirnus muscle at each (Moller et (1976) shear force value and tenderness rating of measured absorbance of a myofibril suspension. steaks from the 30 US Good and US Standard COmmerical of fragmentation steer carcasses. FI determined from fresh would req'i'e the use of a rapid simple and longissirnus muscle accounted for 48.4 and accurate procedure. Calkins et al. (1980) 44.5% more of the variation in cooked meat reported success in identifying tender carcasses tenderness than did carcass physical traits within the US Commerical or US Utility and sarcomere length. The best prediction grades with the FI procedure developed by equations for fragmentation of either fresh or Davis et al. (1980) . The researchers concluded that fragmentation of frozen, raw longissimus muscle accounted for 56.6% of the observed variation in shear force value of cooked loin steaks.
broadened (USDA, 1976) , an economic advantage might be realized if certain tender carcasses within these classifications could be objectively identified. The objective of the present study was to determine the relationship between fragmentation of raw muscle (fresh and frozen) and cooked meat tenderness of steaks from bullock and low quality steer carcasses.
Experimental Procedure
Thirty steer (10 US Good, 20 US Standard) and 10 bullock carcasses (nine US Good, one US Standard) were evaluated for grade factors at 48-to 120-hr postmortem and transported t o the University of Tennessee meat laboratory. After an aging period of 10 to 14 days in a 2 C cooler, three steaks were removed from the anterior end of the short loin. Steak A (.65 cm thick) was obtained for fragmentation and sarcomere length determination. Palatability and shear force value were determined for steaks B and C (3.2 crn thick).
FI for fresh and frozen raw muscle was determined by the procedure of Davis et al., (1980) . Dorsal blade depth was maintained at 1 mm (Calkins and Davis, 1978) below the surface of the solution, and weights of residue fractions were taken at 10 min, 40 min (22 C '~e a n based on 100-unit scale (70 = Slightly abundanto0 , 30 = slightoo ). d~e a n s based on eight-point scoring scale (8 = light grayish red, very firm or very fine texture; 4 = moderately dark red, slightly soft or slightly coarse). e~e a n s based on eight-point rating scale (9 = extremely tender, extremely juicy, extremely desirable flavor, no connective tissue or extremely desirable overall; 1 = extremely tough, extremely dry, extremely undesirable flavor, abundant amount of connective tissue or extremely undesirable overall). f~ragmentation index = 100 X weight (grams) after air drying at 22 C (10 min and 40 min) and oven drying at 35 C (22 hr). air dry) and 22 hr (35 C oven dry) for both fresh and frozen raw longissirnus muscle. Filtrate volume was also recorded.
Samples for sarcomere length were blended in an Osterizer Cycle-Blend for 9 0 seconds. The suspension medium was 4% formalin (25 ml). A light microscope (X 1,500) and filar micrometer were used t o measure 1 0 sarcomeres o n each of 1 2 myofibrils.
Sensory evaluation (steak B) and shear force value (steak C) were obtained on steaks cooked t o an internal temperature of 7 0 C on individual, preheated broiling units. Final internal temperature was monitored by thermocouples. Steaks B and C, previously frozen a t -31 C and stored at -18 C, were thawed for 2 4 hr in a 5 t o 7 C cooler before being cooked. A trained, eight-member sensory panel evaluated tenderness, juiciness, connective tissue amount, flavor desirability and overall satisfaction for each sample, using eight-point rating scales (8 = extremely tender, extremely juicy, n o connective tissue, extremely desirable flavor or extremely desirable overall; 1 = extremely tough, extremely dry, abundant connective tissue, extremely undesirable flavor or extremely undesirable overall). Steak C was cooled t o 25 C, and four 1.3-cm cores were removed and sheared in duplicate on a Warner-Bratzler shear.
Data were analyzed according t o guidelines outlined by Steel and Torrie (1960) .
Results and Discussion
Mean values for various physical, palatability, shear and fragmentation measures on the steer and bullock carcass samples are presented in Calkins et al. (1980) for US Commercial and US Utility beef.
Simple correlation coefficients relating fragmentation measures t o physical traits and sensory ratings of the US Good and US Standard steer carcasses are presented in table 3. All fragmentation values (fresh and frozen muscle) were significantly correlated with the sensory tenderness rating and shear force value (table  3) . The correlation coefficients in tables 2 and 3 for lower grading, A maturity carcasses are in agreement with the coefficients between FI and tenderness reported by Calkins et al. (1980) for US Commercial and US Utility beef and by Davis et al. (1980) for US Choice, US Good and US Commercial carcasses. The coefficients also agree with values between MFI and tenderness reported by Olson and Parrish (1977) . Culler et al. (1978) and Parrish et al. (1979) .
Twelve physical and histological variables accounted for apporximately 75% of the observed variation in shear force value or tenderness rating of steaks from the 30 US Good and US Standard steer carcasses ( b~ragmentaion measures include 10-min index, 40-min index and filtrate volume for fresh and frozen longissimus muscle.
'partial coefficients of determination accounting for variation in Warner-Bratzler shear force value and tenderness rating which was not previously explained by physical traits. d~artial coefficients of determination accounting for variation in Warner-Bratzler shear force value and tenderness rating which was not previously explained by fresh muscle fragmentaion and physical traits.
44.48% of the variation in WBS force value and tenderness rating above that variation accounted for by physical traits and sarcomere length.
Regression equations for predicting shear force value of steaks from US Good and US Standard carcasses are presented in table 5 . These data were developed in an attempt t o identify the percentage of the observed variability in tenderness that could be accounted for by use of one or two measures of fragmentation. The best single fragmentation measure for use of fresh and frozen raw muscle accounted for 41.56 and 53.09% of the observed variation in shear force value. An additional 16.45% (fresh muscle) and .08% (frozen muscle) precision was attained when a second fragmentation variable was used t o predict shear force value (table 5) . With precision and laboratory time considered, the best prediction equations for fresh (10 min FI and filtrate volume) and frozen (10 min FI) raw muscle accounted for over 53% of the observed variation in cooked period can be eliminated and, as evidence in (1980) for C maturity carcasses, and (3) data reported by Stiffler and Ray (1979) for short scrotum and steer carcasses, it appears that the FI procedure may have potential for industrial application and (or) as a roL tine meat science research technique. The above uses are suggested since fragmentation can be performed in approximately 1 5 min on raw muscle representing a wide range of carcasses and account for over 5 3% of the observed variation in cooked meat tenderness.
Conclusions of our major findings in the present study were that: (1) FI of raw muscle for low grading bullock carcasses was significantly related t o tenderness rating of cooked loin steaks. (2) Fragmentation values were superior t o physical traits and sarcomere length in segmenting low grading steer carcasses according t o tenderness rating or shear force value of cooked loin steaks. (3) Neither F1 of raw muscle nor sensory tenderness and shear force value of cooked steaks were successful in segmenting US Good from US Standard steer carcasses. (4) The best prediction equations for fragmentation of either fresh or frozen raw muscle accounted for over 53% of the observed variation in cooked meat shear force values, a degree of precision which can be achieved in approximately 15 min of laboratory time.
